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The presence of an abnormal vaginal microflora in early pregnancy is a risk factor for preterm delivery. 
There is no investigation on vaginal flora dominated by lactic acid bacteria and possible association with 
preterm delivery. We assessed the dominant vaginal Lactobacillus species in healthy pregnant women in 
early pregnancy in relation to pregnancy outcome. We observed 111 low risk pregnant women with a normal 
vaginal microflora 11 + 0 to 14 + 0 weeks of pregnancy without subjective complaints. Vaginal smears were 
taken for the identification of lactobacilli using denaturing gradient gel electrophoresis (DGGE). Pregnancy 
outcome was recorded as term or preterm delivery (limit 36 + 6 weeks of gestation). The diversity of 
Lactobacillus species in term vs. preterm was the main outcome measure. L. iners alone was detected in 1 1 
from 13 (85%) women who delivered preterm. By contrast, L. iners alone was detected in only 16 from 98 
(16%) women who delivered at term (p < 0.001). Fifty six percent women that delivered at term and 8% 
women that delivered preterm had two or more vaginal Lactobacillus spp. at the same time. This study 
suggests that dominating L. iners alone detected in vaginal smears of healthy women in early pregnancy 
might be associated with preterm delivery. 



The healthy human vagina is dominated by a variety of Lactobacillus species which play an essential role in 
protecting women from genital infection. A deficiency in lactobacilli can upset the microbial balance in the 
vagina, frequently resulting in the syndrome of bacterial vaginosis (BV)^'^, which is associated with a 
quantitative and qualitative shift from normally occurring lactobacilli to a mixed microflora dominated by 
anaerobic bacteria^. 

According to Nugent et al.^, bacterial vaginosis is characterized by a complete loss of lactobacilli and a 
concomitant increase in Gram-variable and Gram-negative rods, primary among them Gardnerella vaginalis 
as well as Bacteroides, Prevotella, and Mobiluncus species The presence of an abnormal vaginal microbiota in 
early pregnancy is a recognized risk factor for preterm delivery (PTD) and low birth weight^"^°. 

Women with a normal vaginal microbiota in the first trimester have been found to have a 75% lower risk of 
delivery before 35 weeks of pregnancy than women with an abnormal vaginal microflora^". By contrast, the 
absence of lactobacilli and the presence of BV or aerobic vaginitis in the first trimester were associated with 
increased risks of PTD between 25 and 35 weeks^°. Because vaginal infection is an important mechanism 
responsible for preterm birth^, maintaining the natural, healthy balance of the Lactobacillus microbiota in the 
vagina is particularly important during pregnancy^ \ The protective role of lactobacilli against genital pathogens 
includes production of lactic acid, hydrogen peroxide, and bacteriocins such as acidolin, lactacin B, or lactocin 

For some time, the vaginal microbiota of healthy women of child-bearing age was believed to be dominated by 
L. acidophilus and L. fermentum, followed by L. brevis, L. jensenii, L. casei, and other species^^. More recently, 
molecular methods have shown L. crispatus, L. jensenii, and L. iners to be the most common isolates^^'^^. In our 
recent study, L. crispatus and L. gasseri, followed by L. jensenii and L. rhamnosus, were the most frequently 
occurring species in the vaginas of pregnant women, with the vaginal microflora dominated by either a single or a 
combination of two Lactobacillus species^^. These results were in agreement with those by Vasquez et al.^^ and 
Antonio et al.^° who had also found L. jensenii, L. crispatus, and L. gasseri to be the predominant Lactobacillus 
species in the vagina. 
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Observed Women (n 175) 



Not meeting inclusion criteria (n 45) 



Twins (n 15) 



Vaginal bleeding (n 4) 



Urinary tract infection (n 5) 



Diarrhoea (n 3) 



Constipation (n 9) 



Use of antibiotics (n 9) 



Initially included 
(n 130) 



Excluded due to vaginal infection (n 19) 



Figure 1 | Exclusion criteria and patient selection diagram. 



Total analysed (n 111) 



To gain a better understanding of the potential protective role 
specific species of lactobacilli in pregnancy, the present study was 
undertaken to characterise the dominant Lactobacillus species col- 
onizing the vagina of healthy pregnant women in early pregnancy. 
Further on this observation intended to describe if different diversity 
of vaginal lactobacilli in first trimester of pregnancy could have an 
influence on pregnancy outcome. 

Results 

The patient selection diagram is presented in Figure 1. Overall, 175 
patients were considered for inclusion into the study. One hundert 
thirty women fulfilled the inclusion criteria. Of those, 19 patients 
were excluded because of vaginal infection, so that a total of 111 
low-risk pregnant women of white European, Middle Eastern, or 
Asiatic origin were included in the final analysis. 

The demographic data are shown in Table 1. Thus, 98 women 
(88%) were delivered after 37 + 0 weeks of pregnancy (mean 40 ± 
1 week), and 13 (12%) were delivered at less than 36 + 6 weeks (mean 
35 ± 1 week). Of these, one was delivered in week 33, two each in 
weeks 34 and 35, and 8 women in week 36. Mean birth weight was 
3455 ± 351 g in term deliveries and 2316 ± 205 g in preterm deliv- 
eries. There were two cases of premature preterm rupture of mem- 
branes (pPROM) in the preterm delivery group. Cases of 
preeclampsia and foetal growth restriction were observed only in 
deliveries after gestational week 37. 

Overall, 44% of women delivered at term and 92% women delivered 
preterm had only one Lactobacillus spp. detectable by PGR denaturing 
gradient gel electrophoresis (DGGE) and sequencing in their vaginal 
specimens. Around 56% women who delivered at term, and 8% who 
delivered preterm had a combination of 2, or more Lactobacillus spp. 
This statisticaly significant difference (p < 0.0009) is presented in 
table 2. Gomparing mean number of Lactobacillus species detected 
from pregnant women we observed statistical significant difference 



between term and preterm delivery group, too (p < 0.004), (1.8 ± 
0.9 vs. 1.2 ± 0.8). 

We verified by DGGE 190 Lactobacillus-specific DGGE bands 
belonging to 10 species of this genus that dominate the vaginal 
Lactobacillus microbiota of pregnant women. In women delivered 
at term 174 Lactobacillus spp.- specific bands belonging to 10 species 
of this genus were detected in vaginal smears. Gontrastingly, five 
Lactobacillus species were detected among the 16 DGGE bands from 
women who delivered preterm. 

The Lactobacillus species detected in women delivered at term 
were mostly L. crispatus, L. iners, L. gasseri, followed by L. johnsonii, 
L. jensenii, and L. salivarius. Further on L. reuteri, L. helveticus, L. 
plantarum and L. vaginalis were detected in only few women with 
term deliveries. In women delivered preterm, L. iners was the pre- 
dominant vaginal Lactobacillus spp. In the 16 DGGE bands from 



Table 1 | Demographic characteristics and general pregnancy 
data 

Term delivery Preterm delivery 



Number of patients, n = 111 (%) 98 (88) 

Age (years), mean ± SD 35 ± 4.61 

Gestational age at birth, mean ± SD 39.6 ± 0.98 

Birth weight, mean ± SD 3455 ± 351 g 

Obstetrical history, n (%) 98 ( 1 00) 

Preterm delivery < 33 weeks, n (%) 9 (9) 

Preterm delivery 33-36 weeks, n (%) 11(^^1 
Parity, n (%) 

Nulliparous 5 (5) 

Primiparous 37 (38) 

Muciparous 56 (57) 



13 (12) 
36 ±4.31 
35.1 ± 0.85 
2316 ± 205 g 
13 (100) 
1 (8) 
1 (8) 

2(15) 
4(31) 
7(54) 



SD, standard deviation. 
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Table 2 Loctobocillus species or combinations of 
women with term and preterm delivery (n = 1 1 1 ) as 
by denaturing gradient gel electrophoresis (DGGE) 


species in 
determined 


Number of vaginal 
Lactobacillus species 


Term delivery 
(n = 98) 


Preterm delivery 
(n= 13) 




n 


% 


n 


% 


0 


0 


0 


0 


0 


1 


43 


44 


12 


92 


2 


38 


39 


0 


0 


3 


11 


1 1 


0 


0 


4 


4 


4 


1 


8 


5 


2 


2 


0 


0 



women delivered preterm, L crispatus was detected twice and L 
gasseri, Ljohnsonii and Ljensenii were detected once only (Figure 2). 

The presence of L. iners alone was observed in 16/98 women (16%) 
delivered at term and in 1 1/13 women (85%) delivered preterm (p < 
0.001) (Figure 3). The distribution oi Lactobacillus species detected at 
the beginning of the study, i.e., between 11 + 0 and 14 + 0 weeks of 
pregnancy, by corresponding gestational age of birth is presented in 
Figure 4. L. iners alone was detected in women delivered until 35 + 0 
weeks of pregnancy. Further on we observed that the raising diversity 
of lactobacillar species has a beneficial influence on pregnancy 
duration. 

Discussion 

The purpose of this study was to characterize dominant and possible 
combination of vaginal lactobacilli among healthy pregnant women 
and to compare the results between women delivered at term and 
those delivered preterm. We observed an association between the 
vaginal presence of a single vaginal Lactobacillus species in late first 
trimester of pregnancy, mostly L. iners, and preterm delivery. 

Different species of Lactobacillus have been reported to populate the 
vagina to varying degrees. Evidence suggests that there is considerable 



ethnical and geographical variation in the composition of the normal 
Lactobacillus microbiota in the vagina^^"^^'^^"^^, although these varied 
results may be due to the heterogeneity of the populations investigated. 
To minimize the influence of age and health status, we included only 
healthy women in the late first trimester of low- risk pregnancies into 
our cohort. Other reasons for the differences in reported results 
between studies characterizing the vaginal Lactobacillus microbiota 
include differences in the methodology used and a lack of reliable 
identification methods. To avoid the diagnostic limitations of 
Lactobacillus spp. isolation, we used DGGE fmgerprinting and sequen- 
cing, a highly sensitive culture-independent method for the detection 
and identification of different Lactobacillus species, which even allows 
for the detection of species that are otherwise difficult to detect, such as 
L. iners^^'^^. 

The protective potential of lactobacilli in pregnancy is based on 
their ability to inhibit the growth of vaginal microorganisms known 
to cause vaginal infection^^'^^'^^. Displacement of lactobacilli from the 
vagina frequently leads to an abnormal vaginal microflora, including 
BV, which, if present in early pregnancy, is a risk factor for PTD and 
low birth weight^"^°. 

According to a Cochrane database^^ analysis and recent reviews on 
the management of vaginal infection^^'^^, the screening for BV alone 
is still a matter of discussion. We therefore excluded all patients with 
abnormal flora and infection in the first trimester and focused on the 
possible association between a normal vaginal microflora in early 
pregnancy and pregnancy outcome. 

Patients with diarrhoea and constipation were excluded from this 
investigation because of the possible influence of the rectal on the 
vaginal microbiota^^"^^. Previous studies have shown that the vagina 
may be colonised by a combination of Lactobacillus species^^'^^. In 
our study, 56% of women who delivered at term had colonisation 
with two or more Lactobacillus species, with L. crispatus, L. iners, L. 
gasseri, L. johnsonii, and L. jensenii the leading vaginal species. The 
remaining 44% of women with term pregnancies had only one 
vaginal Lactobacillus species. By contrast, 92% of the women who 
delivered preterm had only one Lactobacillus species. Considering all 
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Figure 2 | Percentage of the most frequent vaginal Lactobacillus species in women with term (TD) and preterm delivery (PTD) as determined by 
denaturing gradient gel electrophoresis (DGGE). 
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Figure 3 | Percentage of L. iners as only single Lactobacillus species in women with term (TD) and preterm delivery (PTD) as determined by 
denaturing gradient gel electrophoresis (DGGE). 



observed participants included in this study it seems that higher 
diversity in lactobacillar species is more health-contributing and 
protective due to pregnancy duration (p < 0.0009). Even a diference 
in mean number of species between term and preterm group was 
statistically significant (p < 0,004). Analysing data on single strain 
colonisation we surprisingly observed that L. iners alone was iden- 
tified in only 16% of patients that delivered at term, and in 85% of 



women that delivered preterm, with statistically significant differ- 
ence between those two groups (p < 0.001). 

Due to available data on L. iners, there is a an upcoming discussion 
necessary on the influence of this lactic acid bacterium in the preg- 
nancy. L. iners is the smallest Lactobacillus discovered to date^'*'^^ and 
although it is a frequently detected bacterial species in the vagina that 
demands special nutrient requierements, little is known about its 
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characteristics Due to recent report by Macklaim et al, L iners 
can respond to different changes in vaginal environments by abiUty 
to regulate its genomic function^^. L. iners is a dominant part of the 
vaginal microbiota in the transitional phase between normal and 
abnormal that may predispose to the development of an abnormal 
vaginal microflora^^'^^. In a BV environment L. iners increases 
expression of a cholesterol- dependent cytolysin, mucin, glycerol 
transport and related metabolic enzymes. Genes belonging to a 
CRISPR (Clustered Regularly Interspaced Short Palindromic 
Repeats) system were greatly up regulated suggesting that bacterio- 
phage influence the community. Reflective of L. iners, the bacterial 
community as a whole demonstrated a preference for glycogen and 
glycerol as carbon sources under BV conditions'^. Furthermore, 
recolonisation of the vagina with L. iners after BV may be a risk 
factor for a recurrence of BV^°. Due to our data we can not report 
that L. iners alone is subsequently responsible for infections in preg- 
nancy but considering the possible lack of protection of L. iners 
against pathogens in the vaginal microbiota and according to the 
results of our study, we can assume that the presence of L. iners alone 
may accelerate some mechanisms potentially associated with pre- 
term delivery. The presence of vaginal infection in the first trimester 
has been associated with an increased risk of PTD between 25 and 35 
weeks Because none of our women were delivered before week 33 
and the mean gestational age among women with preterm birth was 
35 weeks, we assume that a mechanism other than first-trimester 
vaginal infection — one involving L. iners as a single Lactobacillus 
species— may have played a role in these preterm deliveries. 
Absence of other lactobacilli than L. iners and very low diversity in 
lactobacillar species with protective role against genital patho- 
gens^^"^^ in first-trimester could be a potential risk for preterm 
delivery. 

By contrast, L. iners in combination with other Lactobacilli strains 
had no influence on the vaginal microbiota and did not impair the 
protective role of lactic acid bacteria. 

This study has several limitations, first among them the sample 
size. However, although over one hundred pregnant women fulfilled 
our stringent inclusion criteria and were included in final data evalu- 
ation, we found a statistically significant difference between women 
with term and preterm deliveries. Second, because all included 
patients had a normal bacterial microflora at the beginning of the 
study, we did not evaluate further the presence of lactobacilli or 
vaginal infections in the second or third trimester of pregnancy. 

We found that the presence of L. iners as a single Lactobacillus 
species in the vagina of pregnant women in early pregnancy may be 
involved in PTD through a mechanism still to be elucidated. To this 
end, future studies investigating the presence of different lactobacilli 
in relation to the complete vaginal microflora and providing a lon- 
gitudinal picture of the vaginal microbiota throughout pregnancy are 
needed. 

Methods 

This study was performed in 2012 with the approval of the ethics committee of the 
Medical University of Vienna (EK Nr. 139/2008) in accordance with the Declaration 
of Helsinki and the guidelines of Good Clinical Practice and supported by the head of 
the institute. Written informed consent was obtained from all study participants prior 
to enrolment. Our institution is in mainly specialized for prenatal care of high risk 
pregnancies. To obtain the representative group of pregnant women for this study we 
chose the study population consisted of women aged 18-40 years with low- risk 
singleton pregnancies between 11 + 0 and 14 + 0 weeks of gestation scheduled to give 
birth at our department. 

This study regarding to our previous investigation on Lactobacillus strains in 
pregnant women published in 2007^*^ was performed to investigate the lactobacillary 
microflora in the first trimester of pregnancy in women with low-risk singleton 
pregnancies and without vaginal infection. We included all women committed to 
undergo prenatal care at our tertiary care institution, including scheduled birth at our 
department. To be eligible, women had to be free of subjective complaints, vaginal 
bleeding, and clinical signs of vaginal infection and abnormal vaginal flora. Patients 
with diarrhoea and constipation, assuming disturbed potential role of the rectum as 
reservoir for lactobacilli, were not eligible for enrolment into the study. Women with 
urinary tract infection, women having received antibiotic therapy in the previous 4 



weeks, and pregnancies with major foetal morphological abnormalities or twin 
pregnancies were also excluded. 

After enrolment into the study, one vaginal smear lateral vaginal walls and the 
posterior fornix was taken from each participant, transferred to a microscopy slide. 
Gram- stained, and evaluated at an experienced central laboratory at the Department 
of Obstetrics and Gynecology, Medical University of Vienna, using the Nugent 
scoring system^. Only women with a normal vaginal microbiota, i.e., women with 
Nugent scores 0-3, were eligible for inclusion in the investigational part of the study. 
These women underwent vaginal smear examination for molecular profiling of lac- 
tobacilli using PGR denaturing gradient gel electrophoresis (DGGE) and sequencing. 
The smears were transferred to transport medium (Gopan innovation Italy) to obtain 
the stability of present vaginal microflora and sent to the University of Natural 
Resources and Life Sciences, Vienna, for further processing. 

All women were followed up until delivery. Pregnancy outcome was assessed on 
the basis of gestational age at delivery and recorded as term delivery at or later than 37 
weeks of gestation and as preterm delivery at or less than 36 + 6 weeks of gestation. 
Mean birth weight was also recorded, with low birth weight defined as a weight of less 
than 2500 g. 

Examination of vaginal swabs. The swabs were agitated in 0.5 ml sterile TE buffer 
(pH 8.0) in 2 ml reaction tubes for 1 minute. The suspension was then stored at 
-80°G. 

Bacterial strains and growth conditions. A set of Lactobacillus strains, mainly type- 
strains C) of the species, were applied as ladder strains in the DGGE analysis: L. 
gasseri (LMG 9203^), L. johnsonii (LMG 9436^), L. crispatus (LMG 9479^), L. 
plantarum (LMG 6907^), L. jensenii (LMG 6414^), L. salivarius (LMG 9477^), L. 
paracasei (LMG 13087^), L. vaginalis (LMG 12891^), and L. iners (LMG 18913). The 
lactobacilli except the L. iners strain were cultured anaerobically (80% N2, 10% CO2, 
10% H2) in MRS broth (Merck, Darmstadt, Germany) at 37°C. L. iners was grown on 
Columbia Agar with 5% sheep blood (PB5039A, Oxoid Deutschland GmbH, Wesel, 
Germany) at 37°C and microaerophilic conditions (85% N2, 10% CO2, 5% O2) for 3 
days. 

DNA extraction. DNA was extracted from 0.5 ml of Lactobacillus cultures and the 
swab suspension by using the PeqGOLD Bacterial DNA Kit (PEQLAB 
Biotechnologie GMBH, Erlangen, Germany) according to the protocol for Gram- 
positive bacteria. 

Denaturing gradient gel electrophoresis (DGGE). The extracted bacterial DNA was 
amplified applyingthe primer set Lacl-f (5'-AGCAGTAGGGAATCTTCCA-3') and 
Lac2r (5'-ATT(CT)CACCGCTACACATG-3')'\ For DGGE separation a GC-clamp 
(5'-CGC CCG GGG CGC GCC CCG GGC GGC CCG GGG GCA CCG GGG G-3') 
was attached to the 5'-end of the reverse primer^\ The PGR was carried out in a 
Master cycler (Eppendorf, Hamburg, Germany). Each PGR reaction was composed of 
5 |il lOX PGR buffer (Finnzymes, Espoo, Finland), 37 [l\ sterile distilled water, 2 [l\ of 
each primer (10 pmol/)il, Eurofins MWG Operon, Ebersberg, Germany), 1 |il dNTPs 
(10 mM, Carl Roth, Karlsruhe, Germany), 1 |j,l Dynazyme DNA polymerase (2 U/|al; 
Finnzymes, Espoo, Finland) and 2 [l\ DNA template. The PGR was performed at 
95°C for 4 min, 35 cycles of 95°C for 30 s, 61 °C for 40 s, 72°C for 60 s, and a final 
elongation step at 72°C for 5 min^^. The DGGE was conducted with the DCode™ 
Universal Mutation Detection System (BioRad, Munich, Germany) according to the 
manufacturer's instructions: In detail, an 8% polyacrylamide gel (37.5 : 1 acrylamide- 
bisacrylamide, Serva, Heidelberg, Germany) with a denaturing gradient of 35%-55% 
formed by urea and formamide was applied. The gels were run in 1 X TAE buffer at 
60°C and 70 V for 16 hours. The DGGE derived bands were visualized by ethidium 
bromide staining, documented by digital photography (GelDoc XR+ Imager, Bio- 
Rad), and identified by comparing their position in the gel to the ladder consisting of 
bands originating from pure Lactobacillus strains of different species^^. DGGE bands 
with gel positions different than the DGGE ladder were excised from the DGGE 
gel using a clean scalpel and incubated overnight in IX PGR buffer at 4°C. Re- 
amplification was carried out using the primer pair Lacl-f and Lac-2r without GC- 
clamp. The PGR products were purified applying the PCRExtract Mini Kit (5Prime, 
Hamburg, Germany) and sequenced (Eurofins MWG Operon, Ebersberg, Germany). 
The received sequences were analyzed with the BLASTn tool (http://blast.ncbi.nlm. 
nih.gov), and a minimum sequence identity of 98% was chosen as criterion for species 
identification. 

Statistical analysis. Sample size calculations were approximately based on our 
previous investigation on Lactobacillus strains in pregnant women published in 
2007^*^. We included all patients matching the inclusion criteria for our observation. 
The demographic and background information was summarized and displayed using 
descriptive statistics. The proportion of women with lactobacilli was compared 
between women with term vs. preterm delivery using a Fisher's exact test. 
Lactobacillary combination and single lactobacilli strain detection as well as mean 
lactobacillary number was compared between women with term vs. preterm delivery 
using Kruskal-Wallis-Test. A p-value < 0.05 (two-sided) was considered statistically 
significant. 
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